Topsoil erosion and mass soil losses from hillslopes have negatively affected water quality, vegetation health, local ecosystems, and livelihood. Studies have stated the effectiveness of vegetation in significantly reducing top-soil erosion and enhancing slope stability. This study aims to better understand the application of erosional models in Haiyuan of Ningxia, a semi-arid region of China. The study site is comprised of 20 experimental plots with 11 vegetation covers and 5 slope gradients in design, which were compared to the benchmark of bare land with each slope gradient. Meteorological data and soil hydraulic measurements were collected from 2005 to 2012, and runoff and sediment load were measured by concrete basins at the base of the slopes, which mainly occurred during the summer storms. Multi-plots provide different combinations of vegetation covers and slopes to identify the driving factors of topsoil erosion during rainfall-runoff events and to examine the threshold behavior of their inter-relationship. In order to determine which models were most applicable to this area, the results of RUSLE and CSLE were applied to the data and compared to the known results.
INTRODUCTION
Soil erosion is a continual problem for Ningxia, and can be affected by a variety of factors, including vegetation cover, soil type, and rainfall intensity and depth. Water-based erosion is one of the most severe forms of erosion throughout the world and can deteriorate soil conditions, reduce water-holding capacity, decrease aggregate stability and soil biodiversity, leading to eutrophication, non-point pollution, and land degradation (Wei et al. 2010 , Zhou et al. 2006 ). Erosion of this type can be aggravated by slope and land use practices (El Kateb et al. 2013) . Water-based erosion in the Loess Plateau area in China shows a complex pattern of seasonal variability, though it appears to be more severe in drought years than non-drought years (Wei et al. 2010 ). However, rainfall does not have a strictly linear relationship with soil loss, and the type of rainfall is more important than the depth of rainfall in determining the effect on soil erosion (Han et al. 2012 , Wei et al. 2010 . Neither temperature nor CO2 concentration appears to have a significant effect on the rate of soil erosion, and was therefore not considered as a major driver in this study (Zhou et al. 2006) .
Land use is also a factor in soil erosion (Wei et al. 2010) . Soil loss can be reduced up to 80 percent by reducing slope through terracing, and soil loss is more responsive to changes in slope and vegetation cover than runoff (Zhou et al. 2006 , El Kateb et al. 2013 , Zheng 2006 . Vegetation cover is negatively correlated with soil erosion, and a 1 percent increase in vegetation coverage in a year could potentially decrease soil erosion by 456 t km -2 a -1 (Zhou et al. 2006 ). Vegetation coverage above 52 percent could potentially reduce soil erosion to near zero (Zhou et al. 2006) . The presence of natural soil crusts, litter from plant matter, and secondary plant growth can have a negative effect on soil erosion from both Aeolian and hydrologic drivers (Li et al. 2002 , Han et al. 2012 . Forest and scrubland has been found to be effective in preventing soil loss, while cropland and arable land are less effective, though the type of cultivation has an impact on potential soil loss (Wei et al. 2010 , Wei et al, 2007 , El Kateb et al. 2013 .
There are numerous models for predicting sediment loss on hillslopes and small watersheds, though many of them have considerable data requirements and may not be easily applicable or accessible. Two models were chosen for this study: the Revised Universal Soil Loss Equation (RUSLE), which is widely used and is empirical, and the Chinese Soil Loss Equation (CLSE), which is not widely used, though also empirical.
Study area

Figure 1. Study Area within Haiyuan, Ningxia
The study area is located in Zhongwei City, Haiyuan County, Ningxia Province in northcentral China on the Loess Plateau. The Loess Plateau, with rocky mountains in the south, where the intensity of erosion over an area up to 6537.8 km 2 , annual erosion modulus greater than 5000 t / km 2 ; wind erosion area of 15,943 km 2 , accounting for soil erosion area 43.3%, mainly in the northcentral arid steppe region. Eight counties in the Southern Ningxia Mountains are considered to be part of the Loess Plateau. There are 138 key counties, and Haiyuan County is one of the twelve impoverished areas. Harsh natural conditions are accompanied by serious soil erosion, and the ecological environment in the region is extremely fragile, increasing the difficulty of economic development in an area with significant poverty, which is a major factor restricting the sustainable economic development of Ningxia.
The Zhongwei region of Ningxia is located in the upper reaches of the Yellow River, and characterized by a semi-arid climate, with mean annual temperatures fluctuating between 5°C and 8°C, and highs and lows ranging between -8°C and 20°C (Quan et al. 2011) . The mean annual precipitation varies between 240 and 760 mm, and potential evaporation is 1300 -2600mm (Quan et al. 2011) . The majority of rainfall is localized between May and September, with summer rainfall being influenced by southeastern monsoons and winter with northwest winds (Wei et al. 2007 ). The winter is long and cold and the summer is hot and short, with dry heat and winds, resulting in strong evaporation. The frost-free period is short: 124 -184 days, and there are droughts, wind, hail, frost, and other intense weather events throughout the year.
The natural vegetation in the region is dominated by grasses and shrubs, though areas used for agriculture vary (Quan et al. 2011 , Wei et al. 2010 ). The soil is primarily loess, identified as a Heilu black soil, with a hilly, varied topography (Liu et al. 2011 , Zheng 2006 . The FAO-UNESCO classification is Calcic Yermosols (Yk), which are characterized by having a very weak ochric A horizon and an aridic moisture regime, lacking permafrost within 200 cm of the surface (Fullen et al. 1995 , FAO 2014 . Groundwater is not typically available for vegetation growth, leaving rainfall as the primary water source for vegetation (Wei et al. 2010) . The region has seen a variety of erosion-control measures since a major earthquake in 1920 and development in later decades, including banning tillage, relocating residents, and outlining protected areas (El Kateb et al. 2013) .
Water erosion occurs mainly in the south, while wind erosion is more common in the north. The area of soil erosion extends to 36,849 km 2 , accounting for 71% of the region's total area (Quan et al. 2011 ). The area affected by water erosion is 20,906 km 2 , accounting for 56.7% of the area of total soil erosion, mainly in the Guyuan Region, which is comprised of six counties (Quan et al. 2011 ).
METHODS
The study consisted of 20 plots on slopes at 5, 10, 15, and 20 degrees. The plots (Fig. 2) were constructed with 1-m cement ridges to contain each plot, and a basin was constructed at the base of the slope to collect runoff and debris, fed by a PVC pipe (Wei et al. 2007 , El Kateb et al. 2013 , Zheng 2006 ). The resulting slurry was measured in both wet and dried conditions to determine the ratio of water to soil in runoff (El Kateb et al. 2013 , Zheng 2006 . Each plot was planted with vegetation at the beginning of the calendar year, which was allowed to grow throughout the study period to simulate agricultural growth and harvesting, and removed at the end of the year to avoid mixing of species (Wei et al. 2007 ). The exception to this practice was Hippophae rhamnoides, which as a shrub, was not removed and allowed to grow throughout the study period, to reduce error from removal of root systems.
A rain gauge was installed on-site to collect data for precipitation, temperature, evapotranspiration, humidity, and ground temperature (El Kateb et al. 2013) . A soil moisture sensor was also installed at the study site to collect soil moisture data up to 50 cm below the surface at increments of 10 cm.
A rain gauge (Fig. 3) was installed on-site to collect data for precipitation, temperature, evapotranspiration, humidity, and ground temperature (El Kateb et al. 2013) . A soil moisture sensor was also installed at the study site to collect soil moisture data up to 50 cm below the surface at increments of 10 cm (Fig. 4) .
Climatic data collected included precipitation, air temperature, evapotranspiration, humidity, and ground temperature.
Plot land cover was categorized into six major types, with bare soil used as a control category. The six categories of land cover were primarily vegetation based: Medicago sativa (alfalfa), Medicago indica (legume weed), Solanum tuberosum (potato), Hippophae rhamnoides (common sea buckthorn), Agropyron cristatum (crested wheat grass), and "fish-scale pits" (FSP), which are semicircular rainwater retention basins. FSP were not planted with vegetation. Vegetation cover was either at 50 percent (sparse) or 90 percent (dense), with the exception of the FSP and bare soil categories. Denser vegetation is expected to slow runoff, and should be reflected in the erosional models. 
RESULTS
In the preliminary results, the climatic patterns are as expected: higher rainfall with greater intensity in the summer months. Higher rainfall rates and greater intensities resulted in greater topsoil loss. Storm events coincided with greater runoff and washout, and were mostly restricted between May and October. They were most plentiful in 2012. While it is apparent that steeper slopes experience a greater rate of erosion, it is possible to reduce it considerably with vegetation cover. The denseness of the vegetation also considerably reduces topsoil loss, though there appears to be a distinct difference between Solanum tuberosum and other species that may have more above-ground vegetation. Both RUSLE and CSLE overestimated soil loss significantly, particularly on steeper slopes.
Revised Universal Soil Loss Equation (RUSLE)
The Revised Universal Soil Loss Equation (RUSLE) is an empirical model that was chosen to estimate the amount of topsoil loss in tons per hectare per year. RUSLE, and its predecessor USLE, have been used in China frequently, and have been adapted for use in the Loess Plateau specifically. It operates on a hillslope scale on an annual basis (Li et al 2017) . RUSLE requires the application of 5 factors (adapted from Lee et al. 2006 ): -R: Rainfall erosivity factor, was assumed to be uniform across study area, MJ·mm·ha−1 ·yr−1 -K: Soil erosivity factor, was assumed to be uniform across study area, derived from nomograph (Wischmeier, 1971 ) -L-and S-factor: Slope and slope length, interpolated in modules in Quantum GIS 2.18.20, Las Palmas, dimensionless -C-factor: Cover management factor, from 0 to 1, dimensionless (Dissmeyer et al. 1981 ) -P-factor: Support practices factor, from 0 to 1, dimensionless Data from 2012 was chosen for the analysis, as it both had the most numerous and distinctive storm events, as well as the full profile of plots. However, the RUSLE analysis did not perform well for this study, significantly overestimating soil loss on the steeper slopes, particularly for bare soil, and underestimating on some of the flatter slopes (Table 1) .
On flatter slopes and with significant vegetation, RUSLE performed well (Fig. 6 ). Errors may be partially due to the variations in root structure and depth of "sparse" versus "dense" vegetation, but also that each year, the vegetation was removed and replanted. Disrupting the placement of the root network may increase susceptibility to erosion. Overestimation may also be related to the scaling of the module, as the results are sensitive to the grid size determined in the model, and a higher-resolution DEM may yield more satisfactory results (Lee et al. 2006) . The nomograph method for estimating soil erodibility has been shown to considerably over-predict the rate of soil loss in some circumstances (Zhang et al. 2004 ).
Chinese Soil Loss Equation (CSLE)
The Chinese Soil Loss Equation is a modified RUSLE for the Loess Plateau region (Liu et al. 2002) . It was developed using a 20 m by 5 m plot, as the experimental plots in this study. CSLE also distinguishes between slopes below and above 11 degrees, which may contribute to the correction of overestimation in the original RUSLE (Liu et al. 2002) . CSLE also adds three new parameters: biological control, engineering control, and tillage measures (Liu et al. 2002) . The new factors are as follows: A = RKSLBET -R: Rainfall erosivity factor, was assumed to be uniform across study area, MJ·mm·ha−1 ·yr−1 -K: Soil erosivity factor, was assumed to be uniform across study area, derived from nomograph (Wischmeier, 1971 ) -L and S: Slope and slope length, interpolated in modules in Quantum GIS 2.18.20, Las Palmas, dimensionless o For slopes above 10 degrees: S=21.91 sinθ -0.96 -B: Biological control, dimensionless (Liu et al. 2002 ) -E: Engineering control, dimensionless (Liu et al. 2002) -T: Tillage practices, dimensionless (Liu et al. 2002) The additional factors of engineering control and tillage practices were discarded, as they did not contribute to the models.
DISCUSSION
Over the course of the study, the number of plots grew. The numbering system was inconsistent throughout data recording, changing partway through as the number of plots increased, increasing the likelihood of errors, particularly over a temporal perspective. The date and time records were occasionally incongruent across Excel tables, either due to human entry error or sensor malfunction. Recorded dates of weather events, the start and end of the event, and the duration of the event are occasionally inconsistently matched. Local weather databases were used as comparison for the correct values, as well as interpretation of data that was incorrectly repeated. This could introduce error, particularly for the R-factor in the RUSLE evaluation, which relies on 30-minute data for calculation.
As CSLE is developed from RUSLE, it faces some of the same limitations. However, as it was developed with this particular region as a focus, it was expected to perform better than RUSLE. In comparing the two erosional models, RUSLE performed better. This is likely due to the unusual construction in CSLE: it is designed to incorporate multiple preservation factors, which this study deliberately controlled for. If different engineering or tilling practices were introduced, the results may conform better to expected results.
Other models may perform better, particularly those adapted to process-based events, such as WEPP, CREAMS, SWAT, or MMR (Li et al. 2017) , and may be used to more fully understand the mechanics of specific dynamics between the three factors of rainfall, vegetation cover, and slope, particularly in applications of intercropping or tilling practices that prevent erosion.
CONCLUSIONS
While soil erosion is widely studied across the Loess Plateau, it still is a major issue for residents of the area, and high-cost solutions may not be appealing or applicable across the region. Vegetation covers, such as the oft-used Hippophae rhamnoides or Agropyron cristatum significantly affect the rate of soil loss. However, species such as Agropyron cristatum are difficult to use in plots with multiple crops, limiting its use. Using a specialized equation may not necessarily yield a more satisfactory result in prediction, depending on the application of the particular specializations. This study did not find that a specialized equation, developed for the region, was better able to predict sediment load than the standard equation, likely due to the design of the study itself.
